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The effect of source on carbon isotopic composition of individual hydrocabons  
in Lower Cretaceous Yixian Formation of western Liaoning  
and its environmental significance 
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Abstract: The third member of the lower Cretaceous Yixian Formation in western Liaoning was deposited in a 
period of frequent volcanic activities, which is one of the most important beds for Jehol Biota. A systematic study 
was carried out by analysing total organic carbon content, composition and distribution of aliphatic hydrocarbons, 
and carbon isotopic compositions of individual compounds in the sediment samples from an excavated profile of 
the lower Cretaceous Yixian Formation in western Liaoning. The data show that the lower part (<161.5 cm) of 
profile exhibits an obviously higher organic carbon content, indicating that the thriving of organism and a high 
productivity occur in this stage. The distribution of n-alkanes also shows a regular change through the profile, i.e., 
the predominance of long-chain n-alkanes occurs in the lower and upper parts of the profile, while the 
predominance of medium-chain n-alkanes in the middle section. The carbon isotopic compositions of n-alkanes 
range from –38.6‰ to –26.0‰, and display an upward positive excursion trend in the profile. This isotopic 
variation might be related to the paleoclimate change during the deposition of the Yixan Formation. The presence 
of gammacerane and the low Pr/Ph values (< 0.8) represent a salinity stratified water column associated with 
anoxic bottom waters, in which the sedimentary organic matter are well preserved. Furthermore, the reconstructed 
carbon isotopic composition of atmospheric CO2 during the Early Cretaceous is in the range of –10‰ to –3‰ and 
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also displays an upward positive excursion trend, and then returns to normal status at the top of the profile, 
implying that frequent volcanic activities probably are a major factor resulting in the variations in concentration 
and carbon isotopic composition of atmospheric CO2. 
Key words: biomarkers; carbon isotopic composition; volcanic activity; Yixian Formation; Early Cretaceous 
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表 1  义县组地层划分 
Table 1  Stratum division of the Yixian Formation 
? ? ? ? 
??????(??) 
????(??) 
?-??????(??) 
??? ?? ??? 
????(??) 
??? ?-?? ???? ?????????? 
 
????????????????????
???????????????????, ??
??????????Swisher et al.[16–17]?????
??????(?????)??????????
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????????????? Ar-Ar ??????
?(124.6±0.1) Ma?(124.6±0.25) Ma?(125.0±0.1) Ma, 
?????[18]?Yang et al.[19]??????U/Pb??
????(???(125.2±0.9) Ma?(124.7±2.7) Ma)??
?, Zhu et al.[20]???????????????
?????? Ar-Ar???????(125.7±2.6) Ma
?(124.2±2.5) Ma, ???????????, ??
???????????????? 124.7~124.0 
Ma???????????, ?????(????)
?????????—?????? 
?????? 14 ????????????
??????????????(? 1)??????
??????????????????????
?????????, ????? 6 m(? 2?? 2)?
?????????????, ????????
?????????????????????, ?
??????????????, ??????, ?
????, ?????????????????
????, ?????????????????
????? 
1.2  ?????? 
??????????????????(?
?????????)?, ??? 100 ??????
????(TOC)????????? 5 mol/L???
???????(12 h, 80 ℃), ?????????
????; ??????????? 3 ?, ???
???, ????????(12 h, 80 ℃)?TOC??
??????? LECO ????? C320 ????
??? 
 
? 1  ????????????? 
Fig.1  Map showing the location of the Sihetun profile  
of Yixian Formation 
 
? 2  ????????? TOC??????????? 
Fig.2  The profile variation in TOC content, peak carbon number of n-alkanes and mass chromatograms of aliphatic hydrocarbons 
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表 2  样品基本地质信息 
Table 2  Geological information of the samples from Yixian Formation 
of the Sihetun profile 
???? ?? ????
(cm) 
TOC 
(%) 
Ky-30 ????? 546.5 0.92
Ky-28 ???? 476.0 0.05
Ky-27 ???????????? 431.5 0.72
Ky-25 ???????????????? 379.5 1.93
Ky-23 ?????????? 352.5 1.54
Ky-19 ????? 288.0 2.15
Ky-17 ????? 231.5 2.43
Ky-15 ??????? 186.5 0.86
Ky-12 ????????????? 161.5 4.85
Ky-10 ????? 147.0 2.50
Ky-7 ???????????? 85.0 4.44
Ky-6 ????? 66.0 2.79
Ky-5 ????????? 44.0 5.65
Ky-1 ???????? 7.0 3.88
 
???????????????, ????
??????? 72 h????, ????????
?????????????????????
??????????????????????
????????; ?????????????
??????????, ???????????
????, ?????????????????
???????????-???????????
???????????, ??????????
?????????: ? 1 mL??????? 3 mL
???/??(???? 2?1)???, ??????
????? 4 mL?????????, ?????
????????; ???????, ????? 5 
mL ????, ????????, ???????
??, ????? 3 ?; ???????????
????, ?????????????????
???? 
??-??(GC-MS)???? HP6890 ???
PlatformⅡ?????, ???????? JW-DB-5
? 30 m×0.25 mm×0.25 μm?????, ?????
?????, ?????? 290 , ℃ ??????
??? 80 , 5℃  min?? 3 /min℃ ?? 290 , ℃ ??
? 10 min, ?????????????????
???(70 eV), ???? 50~550 u? 
????????????????????
??? GV ??? Isoprime ??-??????, ?
????? JW-DB-5? 30 m×0.25 mm×0.25 μm?
????; ????????, ?????? 280 ,℃  
??????????????? 80 , 2 min℃ ??
20 /min℃ ?? 130 , ℃ ? 3 /min℃ ?? 290 ℃??
? 10 min???????? 50~600 u??????
?(PDB)??, ???????? 2~3?, ????
?? 0.5‰? 
2  ????? 
2.1  ?????(TOC) 
? 2 ?? 2 ???????????????
???????????(TOC)?? 0.05%~5.65%?
?, ????, ????????????????
?(161.5 cm ??)??????????, TOC ?
0.05%~2.43%??, ??? 1.33%; ??(161.5 cm?
? )??????????????? , TOC ?
2.50%~5.65%??, ??? 4.02%????????, 
????????????????, ??????
??????????????????????? 
????????????????????
??????????????????? ≤ ?
?? < ??, ????????????????
????? , ??????????—????
??????? tmax?? 435 ℃???[21], ???
????????????????? 
2.2  ????????? 
????????????????????
????????????????????, ?
??? C21 ?????????????????
????????[22], ????????????
???? nC27?nC29?nC31 ??????????
?[8]????????????, ????????
??????? nC13~nC34??, ????????
??????????(? 2?? 3)???????
???????????????: ??(125.0 cm
??)???????????????, ????
?? nC27(? nC29?nC31)????????? nC17
? nC15 ????; ??(125.0~379.5 cm)????
nC23?????????, ?????(? Ky-15)?
? nC27?????????; ??(379.5 cm ??)
?????????, ????????????
??????????????????????
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??????????????????????
??????????????????????
????[23]?????????????????
???????????, ??????????
??????????????????????
?, ? nC23????????????????-?
??????[24], ????? nC23???????
????????[25]?????????????
??????????(? 2), CPI???? 1(? 3), 
????????????????????—?
?????????????????????
UCM ???(? 2), ?????????????
???????????????????[26]? 
????????????????????
???, ??????????????????
????????? 3 ????????????
??????????????????????
???????–38.6‰~ –26.0‰?? , ???? , 
??????????????????????
??????????????????, ???
??????????(? 3)??????????
?????????????, ?–38.6‰~ –31.0‰
??, ?????, ?????????????
??????????????????????
???, ?–38.0‰~ –29.0‰??, ???????
??“V”???????????????????
????????????????????, ?
????????–36.4‰~ –26.0‰??, ????
??????????????????????
??????????????????????
??????????????????????
??????????????? 
? /???(Pr/Ph)????????????
????????????[27]?????????
?????, ?????????? 3.0 ????
????????????????, ??? 0.8
???????????, ??????????
????[26]???????????(? 2), ???
??????????(Pr)???(Ph), ?????
???, ???????(? 2?? 3)???? Pr/Ph
??????, ?? 0.39~0.71 ??(? 3), ???
0.8, ????????????[26], ??????
??????????????????????
?? [23], ??????????? [13] ?????
??????? 
2.3  ????????? 
????????????????????
?[28]???????????????, ????
???????????, ??????????
???? m/z 191??????, ????????
???(? 4)?17α(H), 21β(H)????????? 
 
表 3  饱和烃及生物标志物比值参数表 
Table 3  The parameters of saturate hydrocarbons and biomarker compounds 
???? ??? CPI Pr/Ph Ga/ αβC30Hop 
C29/ 
(C27+C28+C29)St
ββ/ 
(αα+ββ)C29St
20S/ 
(20S+20R)C29St
Ts/(Ts+Tm) βα/ αβC30Hop 
22S/ 
(22S+22R)C31Hop
Ky-30 C27 4.4 0.47 0.22 0.62 0.53 0.35 0.42 0.09 0.36 
Ky-28 C29, C17 4 0.71 0.25 0.53 0.09 0.15 0.33 0.18 0.4 
Ky-27 C27 5.4 0.36 0.10 0.6 0.09 0.13 0.44 0.06 0.47 
Ky-25 C23 4.8 0.41 0.42 0.64 0.11 0.16 0.44 0.09 0.4 
Ky-23 C23, C17 5 0.52 0.04 0.56 0.15 0.2 0.35 0.1 0.42 
Ky-19 C23, C15 4.2 0.48 0.06 0.8 0.1 0.1 0.28 0.26 0.32 
Ky-17 C23 4.1 0.63 0.39 0.82 0.02 0.03 0.31 0.3 0.34 
Ky-15 C27 2.9 0.42 0.13 0.75 0.02 0.04 0.42 0.15 0.36 
Ky-12 C23 2.3 0.44 0.16 0.68 0.02 0.05 0.38 0.17 0.32 
Ky-10 C23 3.2 0.39 0.18 0.67 0.02 0.06 0.36 0.15 0.29 
Ky-7 C27, C15 2.9 0.52 0.08 0.65 0.03 0.07 0.37 0.21 0.43 
Ky-6 C27, C15 2.4 0.52 0.04 0.8 0.01 0.04 0.42 0.16 0.45 
Ky-5 C31 3.1 0.4 0.11 0.69 0.02 0.06 0.5 0.12 0.42 
Ky-1 C31, C17 2.4 0.69 0.09 0.64 0.03 0.07 0.42 0.42 0.43 
?: Ga–????; St–??; Hop–??? 
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? 3  ????????????????? 
Fig.3  The profile distribution of carbon isotopic compositions of n-alkanes with respect to carbon number 
 
?? C27~C31(C28??), ?? 17α(H), 21β(H)C30??
?????? , ??????????????
17β(H), 21β(H)C30~C31?????????????
??, ??????????????? 
?????????????, ??????
????????????????????? 3
??, 18α(H)-22, 29, 30- ????(Ts)? 17α(H)-22, 
29, 30- ????(Tm) ????? Ts/(Ts+Tm)??
?? 0.28~0.5 ??, C30??/????? 0.06~0.42
??????? 22S/(22S+22R)???? 0.29~0.47
?????????????????, ????
????????????????????? , 
??????????????????????
????????, ?????????????
???????????????, ??????
???? 17β(H), 21β(H)C30~C31????????
??????? 
?????????????????(? 4), 
??????(Ga/αβC30Hop)? 0.04~0.42 ??, ?
???????(? 3)?????????????
?????????, ????????????, 
??????????????????????
??????[29]???? 3 ??????????
(Ga/αβC30Hop)????, ??? 0.20 ??, ???
??????????????????????
??????????????????????
?????????  
????????????????????
??(? 4)?? m/z 217????????????
?, ????????????????????
???Sieskind et al.[30]???????, ?????
?(????????)?????????????
???????????, ??????????
????????????? 5α (H) ,  14α (H) , 
1 7α ( H ) C 2 9 ???? ,  ??????????
53%~82%(? 3); C28? C27?????????, ? 
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? 4  ??????????????? 
Fig.4  Mass chromatograms of m/z 191 and 217 showing the composition and distribution of hopanes and steranes 
 
???“V”????“L”???(? 4)???????
C30 4-?????? , ????????????
???????? 4-???????????, ?
??? C30 4-?????????????????
???? C27?C28? C29???????????
??????????????? C27 ?????
????????, C28????????????
??, C29????????????????[26]?
??, ????????“V”????“L”????
????????????????????? 
???????????????? C29 ??
? ββ/(αα+ββ)? 20S/(20S+20R)??? 0.2(??
Ky-30 ??), ??????, ?????????
?????????(? 3)? 
2.4  ??????????????? 
??????????, ?????????
?????????(nC27?nC29?nC31)?????
???, ???????????? CO2 ????
??????????????????????
?????????????, ?????? C3?
????? C4????, ???????????
?????? 10‰???, ??????????
?????(? 3 ?? 4), ??????????
nC29 ? nC31 ??????????????
–36.2‰~ –27.7‰??, ?? C3 ????????
???????[31]????????, ?????
?????????????????????
(? 5), ???????????????????
?, ??–38.6‰; ??????????????, 
?? 352.5 cm???????(–26‰); ?????
? , ??????????????? , ??
–36.4‰???, ???????????????
?????? CO2?????????? 
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表 4  根据正构烷烃化合物碳同位素组成计算的义县组沉积时期大气 CO2 碳同位素组成 
Table 4  Reconstructed δ13C values of atmospheric CO2 during the sedimentary period of Yixian Formation based on the δ13C of n-alkane compounds 
???? ????(cm) δ13C(nC29) (‰) δ13C(nC31) (‰) δ13C(CO2) (‰) 
Ky-30 546.5 –31.0 –33.8 –7.0 
Ky-27 431.5 –28.0 –28.7 –3.3 
Ky-23 352.5 –27.7 –28.2 –3.0 
Ky-19 288 –29.7 –29.5 –4.5 
Ky-17 231.5 –31.9 –33.2 –7.2 
Ky-15 186.5 –33.3 –32.4 –7.4 
Ky-12 161.5 –32.9 –32.4 –7.3 
Ky-10 147 –33.6 –32.1 –7.5 
Ky-6 66 –34.1 –34.1 –8.6 
Ky-5 44 –35.9 –35.3 –9.9 
 
 
? 5  ??????????????? 
Fig.5  Profile variation in carbon isotopic composition  
of individual n-alkanes 
 
????????????????(nC29 ?
nC31)???????????????? CO2??
????????Arens et al.[32] ??? 176 ? C3
???????????????, ??????
??? CO2??????????, ?: δ13Catmosphere = 
(δ13Cplant + 18.67)/1.10?????????????
????? CO2????????[32–33]???, ?
??????????????????????
???????????????? CO2????
??, ???????????????????
???????????, ??????????
????????????????? ,  ??? 
??????, ??????? nC29? nC31?
???????, ???????????, ???
??????????????????????
CO2?????????????Collister et al. [31]
??????C3???????????????
?????????????? 6‰???, ???
??? nC29? nC31??????????????
????, ??? 6‰?????????????
???: δ13Catmosphere = (δ13C(nC29~31) +24.67)/1.10??
? 4 ??, ????? Arens et al.[32] ?????
CO2 ??????????, ?????????
??, ?? CO2???????–10‰~ –3‰???
?, ?? Jahren et al.[33]????????????
CO2???????????????????, ?
? CO2??????????, ??–10‰; ???
?? 350 cm???, ?? CO2?????????
??–3‰; ???????, ?? CO2 ?????
??????–7‰?Huang et al.[34]???????
??????????????????CO2??, 
????????, ?????????????
? CO2??????????? CO2??????
???????, ??????????????
?????????????????? CO2??
????????????????, ?????
???? CO2???????? CO2??????
??????????????????, ???
??????????LIPs???????????, 
??? CO2?????????????????[35]?
????????, ?????????????
??????????????, ???????
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???????, ??????????????
????????, ?????????????
????????????????????[15]?
??, ?????? CO2 ???????????
????????????????????? , 
?????????????????????
?????, ????????????????
??????, ???????????????
????????????, ?? CO2 ?????
????????(-10‰~-3‰)????????
???????????, ??????????
??????? 
3  ????? 
????????????????????
??????????, ??????????? 
(1) ??????????????????
?????????????? , ??????
??????????????????????
??????????????????????
????????????????, ?????
????????????? 
(2) ??????????????????
??????????????????; ???
??????????????(Pr/Ph < 0.8)??
????????????????????? , 
?????????? 
(3) ??????????????????
???????, ???? CO2 ????????
??????????????????????
??? CO2???????–10‰~ –3‰??, ??
??????????????, ???????
????????? CO2???????????
??????? 
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